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x-irradiation has been observed to be enhanced by the administration of
the radiosensitizer midonidazole shortly before irradiation (Ro78). In rats,
similar tumors have been reported to be induced by localized exposure to
negative pi-mesons (B180).

Summary

The data imply that the risks of cancer of the colon and cancer of the
rectum can be increased by intensive irradiation in humans and laboratory
animals; however, the shapes of the dose-incidence curves and the risks
per unit dose are highly uncertain. In the Japanese A-bomb survivors, the
dose-dependent excess of colon cancers corresponds to a relative risk of
1.85/Gy, or 0.81 fatal cases per 104 PYGy, and was not evident until more
than 15 years after irradiation.

LIVER

Introduction

Evidence of radiation-induced liver cancer comes mainly from observa-
tions on human populations and laboratory animals with high intrahepatic
concentrations of radionuclides.

Human Studies

Follow-up studies of patients in West Germany, Portugal, and Denmark
have noted the occurrence of increased numbers of liver cancers, partic-
ularly angiosarcomas, bile duct carcinomas, and hepatic cell carcinomas,
many years after intravascular injection of Thorotrast, an x-ray contrast
medium containing colloidal 232ThO2. From the results of these studies, a
linear lifetime risk coefficient of 300 liver cancers/104 person-Gy of alpha
radiation was estimated by the BEIR III Committee (NRC80); however,
the extent to which chemical toxicity of Thorotrast may have influenced the
risk was not known.

More recently, the data from patients who received Thorotrast, includ-
ing those in West Germany, Portugal, Japan, Denmark, and the United
States, were extensively re-reviewed and reanalyzed by the BEIR IV Com-
mittee (NRC88). The follow-up of the West German patients was the
largest of these studies, involving 5,159 Thorotrast-exposed and 5151 con-
trol subjects (Va84) (NRC88), in which 347 cases of liver cancer (pri-
marily cholangiocarcinomas and hemangiosarcomas) were observed in the
Thorotrast-exposed group and 2 cases of liver cancer in the control group.
Latency ranged from 16 to more than 40 years. The average alpha dose to